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Abstract 
This study aims to explore internal cost variation in Taiwan’s computer 
industry after adopting green supply chains, and to calculate sales revenue 
difference with and without green supply chains, further estimating the so-
called “green producer’s surplus.” that is the difference between the changes 
of revenue and product cost after adopting green supply chains. The multiple-
output translog cost function is used to establish an empirical model based 
on the cost data of twelve listed companies in Taiwan. There are two kinds of 
outputs and four element prices considered in the empirical cost model. This 
study uses 2006, the year the associated environment directives were executed 
as the first year Taiwanese computer manufactures adopted green supply 
chains. The results of estimation show that, the internal cost of Taiwan’s 
computer industry increased 3.84% after adopting green supply chains in 
the European market, and the entire Taiwanese computer industry generated 
approximately NT$1.72 billion of producer’s surplus in 2006. Our major 
difference analysis to measure the associated changes in cost and revenue for 
the Taiwanese computer manufacture adopting green supply chains, and to 
industry after implementing green supply chains.
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I. Introduction
Numerous international conventions against environmental pollution 
and resource abuse were established because of global issues, such as the 
greenhouse effect and energy consumption, including the European Union 
environmental protection instruction, Kyoto Protocol and so on. The European 
Union started promoting the Electrical and Electronic Equipment Restriction 
of Hazardous Substance (RoHS) Directive, Waste Electrical and Electronic 
Equipment Directive (WEEE), and Energy-using Products (EuP) Directive in 
August 2005; the former two environmental directives were implemented in 
July 2006. The WEEE requires manufacturers to be responsible for recovering 
retired computers and electronic products, as well as household electrical 
appliances, establishing a recycling system, and achieving the statutory 
recovery rate. For Taiwan the computer manufacture is a very critical industry, 
for instance the value of the electronics and information facility products were 
occupied over 70% of the total exports of 2006 in Taiwan. This is the reason 
why Taiwanese computer industry was chosen to explore in this study.
When a green supply chain is adopted by an enterprise, it will usually 
increase internal operating cost, e.g. testing costs, materials costs, distribution 
costs, and reverse logistics costs. Even though green supply chains result in 
the increase of internal cost, their operating performance and commercial 
identification have a positive influence on enterprises. For the enterprise, 
general interests will relatively increase. On the other hand, from a social 
perspective, the green supply chain will create economic value, and its 
effectiveness is not only confined to the individual enterprise, but also 
generates positive external effects for the society. Therefore, for the entire 
supply chains from a social point of view, this study employs the costs 
function, producers’ surplus analysis, and cost effectiveness method to explore 
the possible influence of green supply chain on internal costs of computer 
manufacturers. Results of this study can be provided to enterprises and the 
government as reference.
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II. Literature Review
The concept of Green Supply Chains (GSC) was first proposed in 1970. 
In the 1990s, numerous scholars joined in the study of this topic, but most 
were only conceptual studies. Steger1)
for the purpose of protecting the environment through creating and learning 
of company culture, and that it should be completed with support from the 
society. Sarkis2)
the process of input and output that related to the various raw materials 
production management, manufacturing, distribution”.
Recently, there is a growing development for integrating environmentally 
sound choices into supply chain management research and practice in 
manufacture. Zhu and Sarkis3) investigated relationships between GSC 
management practices implementation and performance with a focus on 
the moderating effects of quality and just-in-time practices. Sheu et al.4) 
developed a linear multi-objective programming model that optimized the 
operations of both forward and reverse logistics in a given green supply chain. 
scales for GSC management practices implementation. Vachon & Klassen5) 
considered both and separately upstream and downstream interactions of the 
supply chain in the empirical analysis of North America surveyed. It revealed 
that technological integration with primary suppliers and major customers 
were positively linked to environmental monitoring and collaboration. As 
the supply base was reduced, the extent of environmental collaboration with 
primary suppliers increased. Greater supply chain integration can benefit 
environment management in operations. Zhu et al.6) explored the GSC 
management pressures/drivers (motivators), initiatives and performance of the 
automotive supply chain, and the results showed that the Chinese automobile 
supply chain enterprises had experienced high and increasing regulatory 
and market pressures and had strong internal drivers for GSC management 
practice adoption. But GSC management implementation had only slightly 
1) Steger (1996).
2) Sarkis(2003).
3) Zhu and Sarkis (2004).
4) Sheu et al. (2005).
5) Vachon & Klassen (2006).
6) Zhu et al. (2007).
086
Computer Manufacturers Adopting Green Supply Chains 
improved environmental and operational performance. Srivastava7) pointed 
out the literature on GSC management was covered exhaustively from 
its conceptualization, primarily taking a ‘reverse logistics angle’, and the 
regulatory bodies formulate regulations to meet societal and ecological 
concerns to facilitate growth of business and economy also suffer from its 
absence. 
From the above literatures, we can obviously conclude that the GSC 
management and practices should be concerned with establishment of 
the environmental impact management and monitoring, implementing 
simultaneously by combining the forward and reverse logistics, collaboration 
with the upstream and downstream supply suppliers, integration with the major 
customers, and formulating of the ecological regulation. In the current industry 
environment, industries are being motivated to reduce their carbon footprint and 
to reduce pollution in all areas of business including the supply chain. Making 
industry changes in order to go green can be an expensive endeavor. However 
manufactures should not just focus on the expense of implementing the GSC, 
since the requisite changes can also lead to significant costs savings, and the 
strategies. Therefore, we review some of the literature related to the cost, 
 Sabri and Beamon8) categorized related costs in the supply chain into material 
acquiring cost, fixed and variable costs of factory operation, variable cost of 
9) 
utilized the translog cost function to analyze the effectiveness of IT equipment 
introduction in Japanese industries. The output was evaluated by the total 
revenue. The input elements primarily contained capital expenditure, labor 
expense and IT equipment. In the model, the researcher presented whether 
companies have introduced IT equipment by dummy variables. Ertogral 
et al.10) considered transportation cost to be a part of the supply chain cost. 
They believed that transportation cost is an important factor in decisions of 
production and inventory because buy-side firms and sell-side firms should 
consider whether or not it should be incorporated into the total cost. In the 
integrated logistics, Wagner11) used split sample analysis to determine the 
7) Srivastava(2007).
8) Sabri and Beamon (2000).
9) Nakanishi (2005).
10) Ertogral et al. (2007).
11) Wagner (2008).
087
Computer Manufacturers Adopting Green Supply Chains 
The results showed that only supplier evaluation and purchasing performance 
benchmarking were employed by companies, and that cost management 
practices linked to integrated logistics were applied only rarely in corporate 
practice.
12) revealed that 
if the enterprise manages the environment, health and safety in its supply chain, 
it will reduce costs and increase profits. Costs are reduced by lower direct 
enterprise image. Rao & Holt13) endeavored to identify potential linkages 
between green supply chain management, as an initiative for environmental 
enhancement, economic performance and competitiveness among a sample of 
companies in South East Asia. Zhu14) established a measurement of management 
of green supply chain from environmental, economic and business aspects. 
procurement and production, but also benefits in delivery, which is also very 
important for enterprises.
According to the review of the above research, we can realize that a succinct 
evaluation from a cost and benefit perspective is needed in understanding 
the contribution of GSC management. However, the evaluation of concrete 
economic performance for adopting GSC is not relatively adequate especially 
of GSC for computer industry is poorly developed in the literature, because 
the computer manufacture have been generally requested to obey a lot of 
international environmental directives in their product and adopted materials, 
and even in their supply procedure (for instance reverse logistics). Although 
GSC. Therefore, this study endeavors to set an economic evaluation paradigm 
to concretely measure the influence of implementing GSC in computer 
industry.
12) GSC (2001).
13) Rao & Holt (2005).
14) Zhu (2007).
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III. Current Development 
The scale of the computer industry in Taiwan is quite large. The main 
business model is to provide outsourcing services (OEM/ODM), but some 
enterprises also manufacture their own brand products to increase market 
competitiveness. Therefore, this research separates the computer industry 
into original brand manufacturers (OBMs) and outsourcing service providers 
(OEMs/ODMs). OBMs are companies that have their own brand products and 
also provide outsourcing services, whereas OEMs/ODMs are companies that 
only provide outsourcing services. In this research, we focus on key domestic 
computer manufacturers which account for higher market shares and are 
listed in the stock market, e.g. Asus, Acer, Elite, Twinhead, Lemel, Quanta, 
Compal, Wistron, Inventec, Arima, Mitac and Crete. The average revenue of 
these twelve enterprises combined from 1999 to 2006 was NT$1,009,444,170 
thousand and the average cost was NT$987,482,000 thousand. The notebook 
revenue accounted for 73% of the total average revenue and the non-notebook 
revenue accounted for 27%. That is to say, notebooks generated a relatively 
high proportion of the total revenue. Additionally, the difference between 
average revenue and average total cost was small. The major reason is that the 
Taiwanese computer industry started out by providing outsourcing services. 
margin would not increase unless companies could research and develop more 
creative products that will increase revenue and lower costs. 
IV. Establishing Cost Function 
1. The Development of Cost Function
The translog form for the cost function was originally proposed by 
Christensen, Jorgenson and Lau15) as a way to resolve the limitations 
imposed by hypotheses of homogeneity and additivity. Subsequently, 
Caves, Christensen and Tretheway16) generalized the multi-product translog 
form, seeking to eliminate the limitations on empirical applicability which 
15) Christensen, Jorgenson and Lau (1973).
16) Caves, Christensen and Tretheway (1980).
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made it impossible to use the logarithmic structure in the estimation. While 
the commonly analyzed translog cost function must meet the performed 
in order for the translog to deal with the zero input problem. Because the 
natural logarithm of zero is undefined, the translog cannot be applied in 
a straightforward fashion where zero values are observed. The presence 
of observations with zero quantity for some products made it impossible 
to use the logarithmic structure in the estimation. Therefore, the literature 
presented some different forms to deal with the zeros in the sample, such as 
simply discarding observations that present zero output for some product or 
replacement of the zeros with arbitrarily small quantities.17) More recently, 
Pulley and Braunstein18) developed a compound form for the cost function, 
which was a separable quadratic cost function combined a quadratic output 
structure with a log-quadratic input price structure, and was well suited 
for examining economies of scope, sub-additivity, and the properties of 
Following Caves et al., we select a flexible general quadratic form, using 
natural logarithms as a metric for the quantity of the products. The translog is 
a valid local second-order approximation to an arbitrary cost function. Under 
reasonable assumptions (nonnegative, real valued, non-decreasing function of 
output, linearly homogeneous in input prices), the translog is dual to a general 
production or transformation function, although it is not directly derivable 
from them. Since multi-outputs is an industrial characteristic of the domestic 
computer industry, we utilized the multi-output translog cost function 
demonstrated in the following formula (1) based on basic module with m 
outputs and n input elements. It introduces to cost elasticity and output-cost 
elasticity represented by key variables-element price (wj) and output (Yi) 
respectively.
         (1)
In the formula, C is the production cost, Yi is the sales revenue of i product, 
i =1,m, wj is the price of j input element, j =1,n. Expand Logarithmic 
transformation of formula (1) by full model to the formula (2). 
17) Kim (1987).
18) Pulley and Braunstein (1992).
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         (2)
According to the economic theory, the cost function must satisfy regularity 
conditions including a non-decreasing function of the element price, the 
negative second order partial differential cost function for element prices, 
a concave function of the element price, the positive marginal cost of the 
cost function. All estimated coefficients must pass these tests of regularity 
conditions.
2. Setting the Variables of Cost Function Model
Generally, the cost of GSC can be generally defined as the total cost 
produced in the process of the entire obverse and reverse supply chain, 
including the purchasing cost, the order management cost, the inventory 
carrying cost, the transportation cost, and reverse logistics. This study 
applies the trnaslog cost function to analyze characteristics of Taiwan’s 
computer industry, and to explore the cost effect of adopting GSC by 
computer manufacturers. This cost function is mainly based on input prices of 
administration, materials, inventory, and transportation. The effect of adopting 
GSC is namely measured through the changes of the prices of input factors. 
The domestic computer manufacturers produce a variety of products such as 
notebooks, desktops, motherboards, peripheral devices, telecommunication 
equipment and so on. Because of this industrial characteristic, in model 
construction this research analyzes the practices data by adopting the translog 
cost function which is characterized by multi-outputs. Since multi-outputs is 
an industrial characteristic of the domestic computer industry, we utilized the 
multi-output translog cost function based on basic module with m outputs and 
n input elements. 
In setting input variables, the price setting of input elements are presented 
as below. (1) The administrative price (w1): the administrative expense 
(including salaries expense) in the annual report divided by the total number 
of employee equals administrative price. (2) The capital price (w2): the 
accumulated depreciation and amortization in the balance sheet divided by 
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(3) The material price (w3): the material purchase in the annual report divided 
by revenue equals the material price. (4) The transportation price (w4): the 
transportation expense in the annual report divided by the total tons of sales 
volume equals the transportation price. We calculate the tons of sales volume 
by multiplying the sales quantity of notebook or non-notebook and respective 
average weights. Then, the tons of sales volumes are multiplied by respective 
proportion of domestic sales or export sales to get the weighted average tons 
of sales or transportation expense. (5) The inventory price (w5): the inventory 
cost in the annual report divided by revenue equals the inventory price. 
In setting output variables, the domestic computer industry has multi-
outputs. The proportions of notebooks and motherboards are relatively high. 
Thus, this research categorizes outputs into “notebook products” and “non-
revenue in income statements - (1) the notebook computer output (Y1): the 
revenue of the notebook computer products; (2) the non-notebook computer 
output (Y2): the revenue of the non-notebook products including mother 
boards, desktops and peripheral devices.
3. The Establishing of Cost Function Model
We have developed the cost function by using the output and input variables 
and the operating characteristics mentioned before. The complete cost 
function model is listed as formula (3).
         (3)
In the formula, TC is the total cost; Y1 is the revenue of notebook products; 
Y2 is the revenue of non-notebook products. In order to conduct the 
simultaneous calibration of the cost function, the cost-sharing formula should 
be developed at the same time. According to the duality theory, the cost-
sharing formula is associated to the translog cost function. As to general cost 
functions, the demand of element (xi) is derived from Shephard’s Lemma 
whereas as to the translog cost function, the cost-sharing formula(4) is derived 
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from the partial derivative of cost function with respect to the element price.
         (4)                                 
In addition, the cost function should meet homogeneity and symmetry 
conditions as shown in the below formula (5).
         (5)
4. Calibration of the cost function of Taiwanese computer industry
We have developed the cost function based on the operation data of the 
computer industry from 1999 to 2005. We surveyed twelve key listed 
computer manufacturers, such as Asus, Acer, Elite, Twinhead, Lemel, Quanta, 
Compal, Wistron, Inventec, Arima, Mitac and Crete, and acquired the 84 
samples. The statistics of associated input and output variables related to 
Taiwanese computer industry show as follows: the average total cost (TC) is 
NT$75.27 billion, the average revenue of notebook (Y1) is NT$ 51.74 billion, 
the average revenue of non-notebook(Y2) is NT$ 20.06 billion, the average 
administrative price (w1) is NT$1.16 million, the average capital price (w2) 
is NT$ 0.3248, the average material price (w3) is NT$ 0.7886, the average 
transportation price (w4)is NT$ 216.27 thousand, and the average inventory 
price (w5) is NT$ 0.0934 during the period from 1999 to 2005.
The results of the parameter calibration of the cost function for the computer 
industry are demonstrated in the equation (6). There are 25 of 36 t values 
R2 provides a measure of how well outcomes are likely to be explained by 
the cost function. The R2 of the cost function is 0.9316, which means the 
regression equation possesses good explanation ability.
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         (6)
(2) the unit of the variable TC, Y1, Y2, w1, & w4 are thousand TWD, and that of the variable w2, w3, w5 are 
TWD.
Simultaneously, our empirical cost function also satisfies four regularity 
conditions. According to the test for the results of calibration of cost function, 
(1) the conduction of the simultaneous calibration among the cost function, 
the cost-sharing formula, and the limitation of parameters in homogeneity and 
symmetry conditions, that namely confirms the homogeneity of degree one 
n input prices and the symmetry of the cost function. (2) In terms of the non-
negative test, the estimated cost shares of input elements mentioned in this 
research are all positive (the average elasticity of cost shares of inputs show as 
follows: ES(w1)=0.03435, ES(w2)=0.02581, ES(w3)=0.8248, ES(w4)=0.0096, 
and ES(w5)=0.10546). (3) It reveals that cost function satisfies “non-
negative test” and the estimated results achieve the efficiency of fitness. A 
few eigenvalues of samples of fail to satisfy the concavity (H1=-0.0016, 
H2=0.00212, H3=-0.3874, H4=0.38187, H5=-0.301). Nonetheless, the 
eigenvalue mean value of the total sample proves that the cost function meets 
the concavity condition. (4) As to the marginal costs of output are positive, 
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the calculated results (MC1=2.59>0, MC2=1.76>0) nearly meet monotonicity 
condition.
This study evaluates the changes before and after computer manufacturers 
adopted the green supply chain, and applied the cost-benefit analysis to 
without” conditions.
1. Changes of input prices between the condition with and without GSC
All of the changes in the input prices due to adopting GSC are stated 
respectively as follows. In the procurement cost of capital, this study uses 
the length of life cycle in the green capital equipment to calculate the annual 
cost of green capital depreciation. The proportions of the green capital 
depreciation cost and the green materials cost account for the procurement 
cost are individually regarded as the weights of capital and materials, then 
both of the weights are multiplied respectively by the capital cost share 
and the material cost share of the procurement cost, to gain the changes of 
proportions of the capital cost and the material costs in each company. In term 
of green transportation cost, the annual transportation cost is divided by the 
decrease of the green transportation cost owing to less packaging, in order to 
gain the proportion of decrease of the annual transportation cost.
2. Cost difference between the condition with and without GSC 
In the measurement of change in total cost of supply chain, this study 
assumes that the price of inputs, such as capital elements, transport elements 
and material elements, are affected when the computer manufacturer adopts 
GSC. Basically each price of the input affected by GSC will drive a change 
in the total cost. Therefore, the total costs with GSC and without GSC are 
estimated individually by the cost function of the computer industry, then the 
difference of the total cost between the conditions with and without GSC. It is 
estimated as the following formula (7).
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         (7)
TCc is the difference of the total yearly cost for adopting GSC, TC 
is the real total yearly cost with GSC, TC^  is the total yearly cost without GSC, 
Yi: the real yearly output with GSC, wj is the real price of input with GSC, and 
wj^  is the price of input without GSC.
3. Revenue difference between the condition with and without GSC
In term of revenue changes, the change in total sales of  Taiwanese computer 
manufacturers is divided into two parts. One is the change generated for 
adopting GSC, and the other is the change derived from the natural growth 
of market. Then the difference of revenues with and without GSC can be 
measured for Taiwan’s computer industry. The changes of the total sales for 
adopting GSC can be calculated as the below formula (8) and (9).
         (8)
         (9)
Qc Q is the 
QNG is the difference of the natural growth in 
sales, TRc is the revenue of green products, and P is the price of the product.
4. Change of producers’ surplus with and without GSC
for adopting GSC. In economics the producers’ surplus is defined as the 
difference between the revenue and the cost of production. The change in 
producers’ surplus can be estimated by the difference of revenue and the 
difference of production cost. Therefore this type of producers’ surplus can 
be called green producers’ surplus (GPS), which can be measured using the 
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following formula (10).
         (10)
TRG is the difference of the 
TCG is the difference of total cost between with 
and without GSC.
VI. Estimation of Change and Difference
As we know, the European Union started the RoHS and WEEE directive 
in 2005, and the three environmental directives were implemented in 2006. 
Therefore, starting in 2006 all computer equipment imported to European 
must meet the requirements of the above two directives. This study employs 
the 2006 yearly data of Taiwanese computer manufacturers to explore the 
divided into two parts, one is the European market, and the other is the non-
European market.
This study assumes that the sales growth in Europe is affected by adopting 
GSC; but the effect of adopting GSC in the non-European market is relatively 
lower. So the sales growth of the non-European market is assumed to be 
assumptions: (1) the global economy has the same effect on the European 
market and non-European market. (2) In 2006, the total sales growth of 
the European market consists of two parts, natural sales growth and green 
sales growth. (3) In 2006, the total sales growth of the non-European market 
only consists of natural sales growth. (4) The total sales growth before 
2006 consisted of only natural sales growth for both the European and non-
European markets. (5) The European and non-European markets have the 
same natural sales growth.
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2. Estimation of input costs after adopting GSC
This study employs the 111 entries of operation cost data of the Taiwanese 
computer industry from 1999 to 2005 to establish the regression models of 
various input cost with the notebook output (Y1). The results show that the 
models are fairly capable of explaining the parameters shown in Table 1. 
According to the result of these regression models, the 2006 average revenue 
of the European market is NT$38.74 billion, and is 26.87% of the total sales. 
In term of the operation cost, this study used the cost function to estimate the 
2006 average cost of the European market at NT$37.64 billion, which is about 
27.38% of the total cost. Where the average administrative cost is NT$1.21 
billion, the average capital cost is NT$4.22 billion, the average material cost 
is NT$34.95 billion, the average transportation cost is NT$4.62 billion, and 
the average inventory cost is NT$6.05 billion. 
<Table 1> The Results of Calibration of Regression Models of Input Cost
Inputs cost 
(10 thousands TWD) Intercept
Parameters of the 
notebook output (Y1)
R2 F- value
Administrative cost 921743 (5.71) 0.013(16.34) 0.824 274.54
Capital cost 661110 (8.42) 0.005(8.11) 0.686 50.08
Material cost 3338958(7.81) 0.596(156.27) 0.998 5448.7
Transportation cost -6254(-1.34) 0.007(17.91) 0.847 330.73
Inventory cost 3195794 (7.05) 0.011(5.14) 0.616 19.27
Note : ( ) t-value
3. Cost difference between the condition with and without GSC
After the Taiwanese computer industry adopted GSC in 2006, we estimate 
that the procurement cost of capital equipment accounts for about 86.96% of 
total procurement costs, and the procurement cost of materials accounts for 
about 13.04% of total procurement costs based on actual operation data. In 
general, the lifecycle of capital equipment is 8 years, and the procurement 
cost of annual capital depreciation is about 10.87% of total procurement costs. 
Based on the 7.5% increase of yearly total procurement costs for adopting 
GSC, we can estimate that the yearly cost of capital equipment is 6.11% of 
total procurement costs, that capital depreciation will result in a 0.7634% 
increase of total procurement cost, and that the procurement of materials will 
increase about 1.3928% of the total procurement cost.
098
Computer Manufacturers Adopting Green Supply Chains 
According to statistics of the Taiwanese computer industry in 2006, the 
average procurement cost of capital depreciation accounted for 1.35% of 
total procurement costs, the average procurement cost of materials accounted 
for 98.65% of total procurement costs. Therefore, according to the weight of 
each purchase cost that accounted for the total procurement cost, the cost of 
yearly capital depreciation increased by 0.0103% in the Taiwanese computer 
industry, and material costs increased by 1.3739%. In transportation costs, the 
statistics show that the weight of cardboard was reduced to about 7,056 tons 
in 2006 due to lighter packaging, and this reduced about NT$16.93 billion 
of transportation costs. It means that the computer industry can save about 
NT$45.89 billion in transportation cost. Furthermore, we can estimate that the 
transport cost of the computer industry was reduced to about 3.69% in 2006.
In addition, because of the non-direct relationship between the administrative 
input/the inventory input and GSC, the changes of the two input cost are 
assumed to increase in proportion to increased output. In other words, the two 
input prices will not be changed by GSC. Based on the change of the above 
input costs of the computer industry caused by GSC, we can estimate their 
input prices and the total cost with and without GSC in the European market, 
as shown in Table 2. The 2005 average total cost of the computer industry was 
Therefore, the cost difference between with and without GSC is estimated 
at NT$1.45 billion in 2006. For adopting GSC the difference of the yearly 
cost of the computer industry is NT$6.02 billion, which is about 3.84% of 
the yearly total cost. This result means that the increased ratio of total cost is 
3.84% in the green market after adopting GSC.
<Table 2> Changes of the Input Price and the Total Cost in the Condition
                               with and without GSC
Input price item Unit  With GSC Without  GSC
Administrative price (w1) Million TWD 1.5667 1.5667
Capital price (w2) TWD 0.6204 0.6203
Material price (w3) TWD 0.9566 0.9436
Transportation price (w4) TWD 113.00 117.32
Inventory price (w5) TWD 0.0382 0.0382
Total cost (TC) Billion TWD 37.6477 36,2014
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4. The increased revenue of green products after adopting GSC 
Based on the sales data of the Taiwanese computer industry from 1999 to 
2006, the analysis showed that in the European market the rate of average 
sales growth from 1999 to 2005 was 26.33%, the sales growth in 2006 was 
31.07%, and the natural growth was 4.74%. In the non-European markets, 
the average sales growth from 2001 to 2005 was 27.73%, sales growth in 
2006 was 20.29%, and natural growth was 0.73%. Furthermore, according to 
method, which assumes that the European and the non-European markets 
have the same relative proportion of natural growth rate in 2006 compared 
to before 2006, to estimate the relative rates of the European market in 2006. 
The estimated results show that in the European market natural sales growth 
in 2006 was 19.24%, which is calculated as shown in formula (11), and the 
rate of the green sales growth is 11.83%, which is deducted from the rate 
(31.07%) of the sales growth of 2006.
                 (11)
The revenue growth of Taiwan’s computer industry in the European market 
was NT$8.31 billion in 2006, we can see that the revenue of green products 
in the European market was NT$16 billion in 2006, and natural-growth sales 
was NT$5.15 billion. At the same time, the 2006 sales revenue growth in the 
non-European market was NT$26.99 billion, which is also regarded as the 
natural growth sales. Thus we can see that in the Taiwanese computer industry 
the revenue of green products in 2006 is approximately NT$3.16 billion, 
and the natural-growth revenue is NT$ 32.13 billion, as shown in Table 3. It 
can be seen that the green sales revenue increased by NT$3.16 billion, and 
the increase in sales growth is about 11.83% because Taiwanese computer 
manufacturers adopted GSC.
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<Table 3> The Increased Sales Revenues of the Various Markets in 2006
Markets Increased sales revenue of the natural growth
Increased sales revenue 
after adopting GSC
Total increased sales 
revenue
European 5.15 billions TWD (19.24%) 3.16 billions TWD (11.83%)
8.31 billions TWD 
(31.07%)
Others 26.99 billions TWD (20.29%) ---
26.99 billions TWD 
(20.29%)
5. The green producers’ surplus after adopting GSC 
Based on the previous analysis, for the computer industry in 2006 the cost 
difference between with and without GSC is estimated at NT$1.45 billion, 
which is about 3.84% of the yearly total cost. Besides this, the increased 
revenue of green products is NT$3.16 billion. Therefore, as shown in formula 
(7), the green producer surplus (GPS) of 2006 if found at NT$1.72 billion. 
This means that after GSC was adopted by Taiwanese computer manufacturers 
in response to environmental directives of the European market, it created 
at least NT$1.72 billion worth of internal economy benefits for Taiwan’s 
computer industry in 2006.
VI. Conclusion and Discussion
This study developed a cost function of multiple outputs based on actual 
operation costs of twelve listed Taiwanese computer companies from 1999 to 
2005. In the term of GSC analysis, we estimate that in 2006, when products 
imported to the European market had to meet the three environmental 
directives, the total cost increased 4.46 billions TWD, which is 3.84% of 
total cost; the total revenue also increased 3.16 billions TWD, which is the 
increased green revenue after adopting GSC. Furthermore, based on the 
increased cost and revenue, we can gain that the producers’ surplus is roughly 
NT$1.72 billion. This means that GSC brought in NT$1.72 billion, and the 
concrete economy benefits is worth of been adopted by Taiwan’s computer 
industry for in 2006. 
In terms of implication of the academic contribution, this study is to develop 
a valid cost function and the cost-benefit difference analysis to measure 
the associated changes in cost and revenue for the Taiwanese computer 
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manufacture adopting green supply chains. On the other side, in the modeling 
process we ever intended to incorporate the environmental variable into the 
administrative and inventory input may also be indirectly affected by GSC, 
social external effect of the environment. In future studies we suggest that the 
above factors and approach may be considered in the evaluation of GSC. If 
these relative topics of GSC can be studied further, we believe that the social 
value and contributions of GSC will be more recognized and approved.
In terms of implication of managerial practices, we prove that there is 
after implementing GSC. In other words, GSC is worthy to be adopted 
for computer manufacture. This is not only due for the sustainability of 
for the enterprise.*
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